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ABSTRACY
We report on the successful demonstration of antennaremoting at X-band using alow
phase noise and high dynamic range fiber optic link in an operating antenna receiving
system, while tracking Magellan spacecraft. ‘The insertion of the fiber link into the existing
system adds no observable degradation in noise temperature to the system. We compare
the experimental results with our theoretical predictions of degradat ionsin noi se
temperature and d ynamic range of the system caused by the insertion of the fiber link.

INTRODUCTION
High speed and high dynamic range externally modulated fiber optic links for antenna
remoting applicat ions have been demonstrated in the laboratory environment.] Wc report
here on the successful field demonst ration of a fiber optic link that can directl y t ransmit X-
band (8.4(31 17) microwave signals from an antenna site to a remote signa processing
facility, in a operating NASA deep space communication complex. ‘This demonstration is
critical for implementing photonic antenna remoting in the NASA | deep Space Network.
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The optical link consists of a diode-pumped YAG laser, an 18GHz 1LiNbO3 modulator, an
RI¢“preamplificr, and a 12 G] 1z opt ical receiver. It is designed to be inserted bet ween the
low noise amplifier and the down-converter in a current NASA/IPL. Deep Space Network
antenna receiving system, as shown in Fig. 1. This link will permit the down-converter and
related equipment to be moved out of the antenna to the signal processing center, and will
substantially reduce the amount of equipment located at the antenna area, in systems with
multiple, widcly separated antennas, this new configuration will lower hardware and
opcerating cost, and increase performance, flexibility, and reliability.

The ultimate requirement of the optical link for antenna remoting, is that the link is
“transparent” in the existing system. That s, theinsertion of the optical link does not
change the system’s noise tempcerature, dynamic range, and gain profile significantly.

SYSTEM EVALUATION
We first evaluated the optical link in the laboratory. The phase noise of the optical link was
measured to be less than -110 dB¢/l 1z at 1 Hz from the carrier frequency of 8.4 GHz, and
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the mecasurement was limited by the noi sc floor of the measurement system. This phase
noise is 56 dBB below the local oscillator phase noise specification of the Deep Space

Net work and is adeguate to coherently array multiple antennas. With 12 kilometers of
single mode fiber between the modulator and receiver, the photocurrent in the load resistor
of the optical receiver was 7, = 0.25 mA. Higher photocurrent was necessary to maintain
the dynamic range of the system, as shown later. Our YAG laser had an internal noise
reduct ion circuit that reduced the relaxat ion oscillation noise peak by more than 35dB and
the final RIN noise peak was measured to bc RIN(fy x ) = - 135dB/Hz. Qur analysis
indicated that such a noise reduction was necessary for our system. Due to the high V,,
(about 30 volts) of the modulator used in our optical link, the R¥ insertion loss G, is high,
about -60 dB. The frequency response of the link was very flat from 130 Ml 1z to 10 Gliz.
The preamplifier with a gain of 60 dB and a noise factor of ¥, =- 2 was used to compensate

for theloss. The loss-compensated optical link had a gain of unity and its frequency
response was determined by the preamplifier.

Wc next evaluated our optical Jink at S-band in a test facility which simulated the operation
conditions of a rea antenna receiving system in the Deep Space Network. ‘I’ he test showed

that the insertion of the fiber optic link added no observable degradation to the receiving
system,

Finall y, wc evaluated our optical link at an operating antenna receiving station (1>SS-13) of
NASA’s Dccp Space Network in Goldstone California, while Magellan spacecraft was
tracked. Asshown in Fig. 1, the optical link wasinserted bet wcen the low noise amplifier
and X-band downconverter, both of which were located at the pedestal room of the antenna.
A 12 km spool of single mode fiber was used to simulate the path between the antenna and
the signal processing center. When the fiber optic Jink was inserted, there was no change of
the received spacecraft signal level at 8.426 Gllz. We also measured the noise temperat urc
of the system before and after the insertion of the optical link and found no observable
difference. “I’he dynamic range degradat ion of the system was not measured due to the time
and egquipment constrains.

in these experiments, the gain of the low noise amplifier of the receiving antenna was Gy,
=306 dB and the input noise temperature was7;,, = 36.8 K. The temperature at the input of
the optical link was 7,, = 290 K. The input third order intercept point and 1 dB

compression of the system before inserting the optical link were IF,, = -47 dBmand P,;" =

-62 dBm respectively. They were limited by the X-band downconverter of the system. The
corresponding 1dB compression dynamic range of the system was D, = 121 dB/11z.

SYSTEM ANAI.YSIS
The Requirement of the Preamplifier

The R¥ insertionloss G, (or gain) of the optical link without preamplifier is:’®
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where K, isthe input impedance of the modulator and R, isthe load impedance of the
receiver. In Eq. (1), the numerator is the electrical power generated by the photocurrent in
the receiver and denominator is the input electrical power to the modulator with a




modul ation voltage of V,. In order to have unity gain for the loss-compensated link,
G, =1/G,,is required. On the other hand, to ensure that the preamplifier does not limit the
dynamic range of the system,3

1P, >>4I0R, (2)

is required. For aof V, of 10 valts, /,, of 1 mA, and K, and R, of 50 Q, the gain of the

preamplificr is required to be 36 dB and the input third order intercept to be much larger
than -7 dBm. The corresponding output intercept point should be much larger than 29dBm.
Output intercept point of 40 dBm is common for amplifiers with a gain of 36 dB.
Therefore, commercial amplifiers can easily meet the requirements on the gain and intercept
point.

From our anal ysis, the degradation A(SFD, ) of the spur-freed ynamic range of the system
caused by theinsertion of the optical link can be expressed as:3

ASED,) =~ 6.7 log(t Gy P, [A12, R)), (3)
Using our experimental parameters of G, =36dB, 1P, =-47dB,and 1, = 0.25 mA, the

dynamic range degradation A(SFD,, ) is5.8 dB. in order for A(SFD_ ) to be lessthan 1
dB, the photocurrent must be:

1,,20.8,[G,\,IP, [R, . (4)
]n our antenna system, the minimum required photocurrent from Eq. (4) is1 mA.

1'rem Iigs. (3) one can see that the photoclectric power (= lth,,) isthe only parameter of

the opt ical link that affects the dynamic range of the system. This parameter also
determines the gain of the optical link and restricts the third order intercept of the
preamplifier, as shown by ¥igs. (1) and (2). On the other hand, the choice of modulator
does not affect the system’s dynamic range if it is not drive level limited, It only affects the
gain of the preamplifier.

Noise Factor Degradat ion Caused by the Optical | ink
The noise factor increase. AF, of the system caused by the optical link peaksat £, 3 fix
and can be written as:3

A, = (T, F, 411601, + 11612, [1,3,G s + SNR_RIN(f — 1,)/4, (5)
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where SNR_ is the signal to noise ratio at the input of the low noise amplifier, f isthe

frequency of interest, f,, and is the modulation frequency. in 1 iq. (5), the first term is the
noise factor contribution from the preamplifier, the sccond term is from the shot noise of the

optical link, the third term is from the base band RIN noise of the laser (assuming a RIN of
-165dB/11z), and the last term is from the RIN noise peak at low frequency. The RIN noise

Peak of the YAG laser is caused by the relaxation oscillation and has a frequency, frx



around afew hundred k11z. When the laser light is modul ated by the microwave signa, this
noise peak is multiplied up around the modulat ion frequency f,.. The larger the modulation
signal, the larger the multiplied RIN noise peaks.

At low modulation levels, such as in the case of the experiment, the contribution to the noise
factor from the multiplied RIN noise is small. The noise factor (temperature) degradation

of the system can be calculated using ¥q. (5) to be 0.75% (or ().032 dB), using the
experimental parameters given previously. Such a degradation indeed is not measurable and
is consistent with the experiment. At high modulation levels, the contribution from the
multiplied RIN noise peaks become more important around f = f,, & f,x . Because the

largest signal to noise ratio of the system isthe dynamic range D, of the system, the
maximum AF, is obtained by replacing SNR_ with D in}iq. (5). With experimental
parameters RIN(f,x ) =-135dB/Hz and D, = 121dB/11z, the noise factor contribution

from the multiplied RIN noise peaksis1%at f/ = f,,4 f,,x and the total noise temperature
degradation is 1.75% (or 0.075 dB). If we increase the photocurrent to 1mA, the noise
factor degradation caused by the first three termsin Eq. (5) is1.6% (or 0.07 dB) and the

maximum AF, at f=f, 1 f, isthus 2.6% (or ().1 dB). With this photocurrent, the
dynamic range degradation isonly 1 dB from kq. (3).

CON CI.US10N
We successfully demonstrated fiber optic antenna remoting capability at X-band in an
operating antenna receiving system in the NASA/JPL. Deep Space Network and found no
observable degradat ion in noise temperature caused by the inset-lion of the fiber link. We
also presented analytical results to predict noise temperature and dynamic range degradation
of the system caused by the insertion of the fiber link. We fount] that photoel ectric power
is the only parameter of the optical link that affects the dynamic range of the system, and
that relaxat ion oscillation R1 N noise. peak of the laser cent ributes significant y to the total
noise factor degradation of the system.
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